Electricity is an essential form of energy used all over the world and the sales are growing each year owing to population growth, industrialization, etc. Forecasts of electricity sales would be of great importance to electric utilities when deciding on construction and investments. The objective of this study was to develop models suitable for forecasting monthly electricity sales for Sri Lanka and Colombo city. The monthly electricity sales data (in GWh) for Sri Lanka and for Colombo city from 2001 to 2009 were obtained from the Ceylon Electricity Board for this purpose. Three models for forecasting electricity sales were studied using three different approaches, namely, classical decomposition approach, stochastic approach and exponential smoothing approach. The estimated models were compared and the best model for forecasting electricity sales was selected. It is shown that the stochastic model given by ARIMA (0,1,1)(0,1,1) 12 generates more accurate forecasts for Colombo city and for Sri Lanka, compared with the other two models. The corresponding mean square deviations are 181.658 and 6.703 for Sri Lanka and Colombo city, respectively.
INTRODUCTION
The need for electric energy is growing each year all over the world with the growth of the population and due to the enhancement of their requirements. When electricity sales to household, commercial and industrial customers has risen from 47 % to 80 % from 1996 to 2008 (Siyambalapitiya & Wickramasinghe, 2009 ). Electricity has become an essential form of energy at present and the society has become dependent on it.
The demand for electricity depends on factors such as population growth, economic activities and electricity price. A study by Ruwanthi and Wickremasinghe (1999) has shown that forecasts of electricity demand in Sri Lanka in any given period depends on the price of electricity and the GDP pertaining to that period. The demand for electricity is increasing over time, and an energy crisis is one of the most critical problems that may be faced by future generations. Hence, the concept of sustainable development has become a widely discussed topic at present and according to this concept each person has a responsibility for saving energy for future generations.
Moreover, it is vital to be knowledgeable about the future demand for energy, including electricity. Forecasts on electricity sales will determine the amount of electric power that should be generated, transmitted and supplied in the immediate future. Some past studies (Ruwanthi & Wickremasinghe, 1999; Zuhaimy & Khairil, 2005; Kareem & Majeed, 2006) have investigated various techniques to obtain accurate forecasts for electricity sales. Forecasts are crucial for electricity utilities to establish sustainable power development plans in order to achieve their objective of providing a good service to meet consumers' demand. Similarly, forecasts on electricity sales are very important for government authorities in making decisions on investments in the sector. If the existing power generating system seems then the government will have to consider new power sources and construct new power plants.
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Journal of the National Science Foundation of Sri Lanka 41 (1) The main objective of this study was to forecast electricity sales in Sri Lanka and in Colombo city based on the historical data. The Colombo city itself consumes around 14 % of the total electricity sold by the Ceylon Electricity Board (CEB). In terms of electricity consumption per account holder, the highest consumption in year 2000 has been in the Colombo city (Samaranayaka, 2008) . As such, the prediction of electricity sales in Colombo would be of great importance to electricity utilities, to the government and to the entire community.
This study was carried out with the intention of investigating the best model out of three statistical methods, namely, classical decomposition approach, stochastic approach and exponential smoothing approach in order to forecast electricity sales in Sri Lanka and in the Colombo city. Graphical methods were used to identify the behaviour of the data in the initial phase of analysis. Presence of long term trends, seasonal patterns and cyclical variations were examined using time series plots and plots of autocorrelations.
METHODS AND MATERIALS
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Thereafter, (i) classical decomposition approach, (ii) stochastic approach, and (iii) exponential smoothing approach were used to obtain forecasting models. In the stochastic approach, "Box-Jenkins" methodology was used to determine the most suitable stochastic model, which can be used to develop more reliable forecasts. Augmented Dickey-Fuller test was used to examine the stationarity of the series. Appropriate stochastic the behaviour of the auto correlation function (ACF) and partial auto correlation function (PACF). Adequacy of the stochastic model was tested with respect to the normality and the randomness of the residuals. LjungBox Q statistic was used to test the randomness of residuals. When developing an exponential smoothing model, Holt-Winters' exponential smoothing method was used, since the data contains both trend and seasonal components. Ultimately, the best approach out of these three approaches was selected to predict future electricity sales in Sri Lanka and in the Colombo city by considering the mean squared deviation (MSD), Criteria (AIC) as the model selection criteria (Makridakis et al., 1998) .
RESULTS
Classical approach
Electricity sales data for Sri Lanka exhibited a long term differenced series was examined to identify the existence lag 1. It was recognized that the ACF of detrended series contain a slight seasonal pattern with a seasonal length of 12 months.
Time series plot of the Colombo city electricity sales data clearly indicated the long term upward trend of the detrended series. Hence, the Colombo city data were considered to have a slight seasonal pattern with a seasonal length of 12 months.
Long term trend in both series were estimated, using the method of least squares. Normality and examined with the use of Anderson-Darling test and the According to the residual plots of both models, the residual variance seemed to remain constant around zero. The estimated trend equations for all Island and the Colombo city are given by equations 1 and 2, respectively,
Where, Y t January 2011 was set as the origin of 't' and t increase by one unit for each month. was considered as the average monthly electricity sales. For an additive model, this average equals to zero, whereas it equals to one for a multiplicative model.
Figure 02 (a) shows that the monthly electricity sales in Sri Lanka in June, August and September are higher than the average monthly electricity sales, whereas in other months it is lower than the average monthly electricity sales. Electricity sales in January and October are substantially closer to the average monthly electricity sales.
Figure 02 (b) shows that the monthly electricity sales in Colombo city for May, June, July, August and October are higher than the average monthly electricity sales, whereas it is lower than the average in January, February, March, April and December. Electricity sales in September and November are substantially closer to the average monthly electricity sales.
Seasonal changes in the electricity sales may be due to the climatic changes during the year. According to the climate of Sri Lanka, the night times of the months from April to September are warmer than the other months (unpublished data). Use of electrical appliances such as air conditioning equipment may increase with the increase of the temperature. This may account to the higher electricity sales than the average during the months of June to September when compared with the other months. predicted monthly electricity sales for the year 2009 with the corresponding actual electricity sales. MSD and
Stochastic approach
The behaviour of the ACF and PACF was examined methodically in order to identify the potential stochastic models. Since the variation of the Colombo city data seems to slightly increase over time, the natural log transformation was used to stabilize the variance. In order to examine the stationarity of the series, unit root tests were performed. According to the Augmented Dickey-Fuller test, it was concluded that the stationarity of both the All Island and the Colombo differencing (Table 3) . lag 12 and 24, which indicate slight seasonality in the the deseasonalized series. Further, ACF and PACF were examined to identify the potential stochastic models. Out of several possible models ARIMA (0,1,1) (0,1,1) 12 model was selected as the most appropriate model for both Sri Lanka and for the Colombo city since those models produced the lowest MSE and the highest (Table 5 ). The models for Sri Lanka and for the Colombo city are given by equations 3 and 4 respectively, where electricity sales at time t is denoted by Y t and residual at time t is denoted by Z t ;
. According to Figure 4 , in the Sri Lanka model, the the smoothing constant for the data, the smoothing constant for trend estimate and the smoothing constant for seasonality estimate, respectively. Figure 5 exhibits that the residuals of the exponential smoothing models appear to be uncorrelated.
Monthly electricity sales forecasts were obtained for 2009 from the above exponential smoothing models. Those estimated values were compared with the actual taken into account (Table 7 ). Table 7 : periods for exponential smoothing model 
Comparison of models
The ultimate objective of this study was to identify the best forecasting models, which can be used for the purpose of forecasting monthly electricity sales in Sri Lanka and in the Colombo city. Models with the lowest period were selected as the best forecasting models.
According to Figure 6 , the predicted electricity sales of the stochastic models for both Sri Lanka and the Colombo city were closer to the actual values than that of the classical model and the exponential smoothing model. The predicted values of the classical model for both Sri Lanka and the Colombo city data were slightly higher than the actual electricity sales data. The electricity sales continuously declined from September 2008 to March 2009 and the classical model was not capable of capturing this change in the trend direction. This may be the reason for the difference in the predictions of the classical model as exhibited in Figure 6 .
Accuracy of the forecasts was checked with respect model for both Sri Lanka and the Colombo city. When considering the models for Sri Lanka data, the highest MSD was produced by the exponential smoothing model whereas for the Colombo city data the highest MSD was produced by the classical model. This indicates that more accurate forecasts for electricity sales can be obtained by the stochastic approach when compared with the classical decomposition approach and the exponential smoothing approach.
Hence, for the purpose of forecasting monthly electricity sales in Sri Lanka and in the Colombo city ARIMA (0,1,1) (0,1,1) 12 model was selected as the most appropriate model.
DISCUSSION
This study was focused on predicting electricity sales at the country-level and within the Colombo city. Three models, namely, the classical model, Winters' exponential smoothing model and the stochastic model were used for forecasting electricity sales on a monthly basis in Sri Lanka and in the Colombo city. Comparison of the forecasts made with these three models showed that the forecasts generated from the stochastic model were more accurate than of the other two models. Therefore, it was concluded that the ARIMA (0,1,1) (0,1,1) 12 model is the most appropriate model to forecast electricity sales in Sri Lanka and in Colombo city. The corresponding mean squared deviations were 181.658 and 6.703 for Sri Lanka and for the Colombo city, respectively. These conclusions are based on the monthly electricity sales data in Sri Lanka and in the Colombo city for the period 2001 to 2009 and the results may differ according to the study period.
According to the Ceylon Electricity Board the distribution of electricity is handled by four distribution divisions. Hence, the study can be further extended to forecast electricity sales in other provinces and in the distribution divisions as well.
In this study, only the classical approach, stochastic approach and the exponential smoothing approach were used. However, there are many other techniques, which can be used for the purpose of predicting electricity sales such as neural network models, data minining techniques, etc. An investigation of such techniques with a view to identifying methods for more accurate forecasts of electricity sales may be useful.
